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Annual variation of secondary metabolites in loquat leaves based
on UHPLC-MS technology

WANG Zengbin, SONG Xue, WANG Yang, LI Yinuo, LU Zhoumin

(College of Forestry s Northwest A&F University ,Yangling s Shaanxi 712100, China)

Abstract: [Objective] This study explored variations of secondary metabolites of loquat leaves during
growth process to provide theoretical basis for effective utilization of loquat leaves. [ Method) Summer
shoots of loquat were collected once every three months since elongation of new leaves ended on July 4.
With methanol as extraction solvent, UHPLC-MS was used to determine secondary metabolites of phenolic
acids,organic acids, tannins, flavonoids, terpenoids, alkaloids and coumarins, and their changes in different
stages were analyzed. [Result] A total of 71 compounds in 8 categories were isolated and identified from
methanol extract of loquat leaves, including 8 phenolic acids,5 organic acids, 3 tannins, 28 flavonoids, 18
terpenoids,2 alkaloids,3 coumarins and 4 other compounds. Main phenolic acids were chlorogenic acid and

. . . . . . . n" . . .
neochlorogenic acid, main flavonoids were catechin and vitexin 2"-O-p-coumarate, while main terpenoids

LS H#I]  2022-01-10

(AWHT B LK R FT A Al B 3 7 B X 3 7300 H (X TG2021-23)

fEHRIAT TR 1997 ), B INR G A+, 32 5 FORIY U8 I8 A AT 58 . E-mail: 758854996 @qq. com
GEfEEE] SRR Q966—), 5, Bevb m B BT 5, A28 S, 3258 SR 20 B AR 5 T A o



44 P AL AR MBI A2 4R (A SRR 2 B

%51 %

were asiatic acid, maslinic acid and quillaic acid. In annual growth of loquat summer shoots,number and to-

tal contents of all secondary metabolites showed regular changes. In terms of compounds number, seconda-

ry metabolites exhibited an increasing trend during the annual growth of loquat leaves, and the growth

completed within the first 6 months of growth,except for tannins,alkaloids and other secondary metabo-

lites. In terms of total content, terpenoids and other compounds accumulated gradually during growth, phe-

nolic acids, flavonoids and coumarins increased firstly and then decreased, tannins changed insignificantly

during growth,while organic acids and alkaloids showed a decreasing trend overall. [Conclusion) Samples

should be collected when loquat leaves were ripe to drop to utilize terpenoids,while samples should be col-

lected in January to utilize phenolic acids and flavonoids.
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Positive ion flow diagram of methanol extract from loquat leaves
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Table 1 Analysis of phenolic acids,organic acids and tannins in loquat leaves at different growth stages by UHPLC-MS

FEfr ke (m/2)

fig/(mg - hg™ 1)

" Mass to charge ratio Content
4% AR /min —— gmmﬁ L% e
Classification ~ Retention time ik o e Compound name . . . . .
Theoretical Estimated S1 S2 S3 S4 S5
value value
i /i3 % 5.219 354,095 1 354.095 2 4:JEFA Chlorogenic acid 361.6 950.9  1439.4 1355.7 1323.8
Phenolic acids 4. 401 354,095 1 354,095 1 H4ER Neochlorogenic acid 300.6  312.9 658.6 7153  495.6
4,405 180.042 3 180.042 0 WIMERR Caffeic acid 9.3 11.7 0.6 0.6 16.6
5.863 164.047 3 164,047 1 Xf 7 TR 4-Coumaric acid 1.7 4.2 5.4 4.6 4.7
5.628 194.057 9 194.057 7 F#RAR Ferulic acid 0.0 1.1 2.1 2.0 1.7
6.151 368.110 7 368.110 8 2 J5U R 1 g Methyl chlorogenate 18.8 102.6 99.0 48.5 40.7
oo H & o A S
9.439 238.084 1 238,083 5 SO =HRIEAER 5.1 1.9 3.8 3.6 3.6
3,4,5-trimethoxycinnamic acid
St S
5.858 338.100 2 538,009 4 S MFEMETR 1.0 3.5 5.0 1.0 3.6
3- p-Coumaroylquinic acid
EERiIN 78S 0.817 192. 063 4 192.062 7 27 Quinic acid 7134.9  3715.0 2467.4 17824  2169.1
Organic acids 1.136 192.027 0 192.026 3 F#EMR Citric acid 0.0 0.0 0. 5 2.1 16.0
0.853 174.052 8 174,052 0 &R Shikimic acid 25.7 25.5 13.8 13.8 15.3
7.469 188.104 9 188.1043  T-fk Azelaic acid 2.3 2.2 1.9 1.7 2.3
9,439 146.057 9 146.057 5 &~k Adipic acid 14.0 10. 6 9.9 9.4 9.2
L eE S 6.119 1154.2692  1154.2704  P4E#EFT A2 Cinnamtannin A2 113.9 146. 2 99.6 101.3 104. 1
Tannins 6.248 1442.3326  1442.3349 ST A3 Cinnamtannin A3 79.5 101.6 80.9 78.0 68. 8
6.330 1730.396 0  1730.3981  P4E#EF A4 Cinnamtannin Ad 43.7 60. 2 45.5 0.2 44,6

T STAUK 2020 4 7 H 4 HIERHE A . S2 (UK 2020 45 10 3 4 HBTRAE AR S3 AU 2021 4F 1 H 4 HBTRAE A S4 U5 2021 48 4 F 4 FBFRAE 4 S5 AU

2021 4E 7 H 4 HFERFEM . FHEM.

Note:SI represents samples taken on July 4,2020,S2 represents samples taken on October 4,2020,S3 represents samples taken on January 4,2021,S4 repre-

sents samples taken on April 4,2021,and S5 represents samples taken on July 4,2021. The same below.
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Table 2 Analysis of flavonoids in loquat leaves at different growth stages by UHPLC-MS

JEfi e (m/2)

&iE/(mgehg 1)

I 1582 ] /min M/iiss to charge:r;artio %O{%m%oznﬁr\ Content
Classification ~ Retention time Iﬁ‘mﬁ U»J_/Ifﬁ pou . )
Theoretical Estimated name S1 S2 S3 S4 S5
value value
;ﬁ?ﬁﬂ 5.854 288.063 4 288.062 8 X E [} Eriodictyol 1.5 1.5 1.7 1.7 1.2
Flavones
— A 6. 494 580.179 2 580.178 5 i ¥ Naringin 2.4 2.0 1.9 1.5 1.6
Flavonones
I
—AB/RM 7.476 436.1370  436.1373 4 ¥F Phloridzin 0.0 2.7 39 3.9 53
Flavonones
bt 5. 842 290. 079 0 290,079 1 JLZEZ Catechin 1338.2 1492.5 1736.8 1503.4 1252.5
Flavanols
5. 846 290.079 0 290.078 3 #ILZEE (-)-Epicatechin 62.3 66.8 68.1 62.4 54.9
5.583 578.142 4 578. 1415 JF 47 & Bl Procyanidin Bl 13.0 19.3 15.9 14.4 13.3
6.593 578.142 4 578.141 5 Ji 4% % B2 Procyanidin B2 1.4 1.8 1.6 1.5 1.8
5.974 866.205 8 866.207 0 JiAE7 % C1 Procyanidin C1 122.6  181.7 146.3 136.8 139.1
T T 7.107 448.100 6 148.100 9 W42 41 Maritimein 10.4 63.6 131.1 192.3 156.2
Flavonols
6.665 464.095 5 464,094 8 & 2 k4 Hyperoside L7 1.6 8.3  14.3 8.9
7.109 448,100 6 148.099 8 it J2 1 Quercitrin 0.0 1.0 2.6 2.5 2.1
7.565 432,105 7 432,105 0 [ 4% G4 Afzelin 0.4 0.5 0.8 0.9 0.9
S AT (A
7.329 450,116 2 150. 116 5 i%%7() B . 0.0 3.5 1,4 1.8 6.6
Eriodictyol-7-O-glucoside
6.660 302.042 7 302.042 1 i K % Quercetin 0.8 1.1 4.3 6.7 4.5
W0 R34 AR
6.013 B6.148 3 6261474 O lucoside 0.0 10 34 49 438
i e R -3-O- 3 A BE-7-O- LA M T
I~ I~
6.303 610.153 4 610.152 6 Quercetin 3-O-rhamnoside-7-O-glucoside 0.0 1.3 2.3 2.1 3.2
- Wit Bz 2 -3- 3 B
[~ ~
6.016 464,095 5 464,094 8 Qucrcctin*(ﬂB*D*glucosidC 0.0 0.2 0.7 1.0 1.0
6.557 448,10 06 w0098 WEBTOMR 0.3 0.8 0.9 0.9 1.3
Kaempferol-7-O-glucoside
6.553 594.158 5 594.157 7 A E-3-0O-EF B Nictoflorin 0.4 0.8 1.1 0.7 1.3
117 B3-3-2", 6"-%f 7 W BE A AF
6.507 740,174 1 740.175 2 Kaempferol 3- (2", 6"-di-(E)-p-coumarylglu- 7.4  95.8 154.9 162.6 240.2
coside)
5. 746 470.121 3 470.121 2 Pongamoside B 0.0 36.9 68.0 66. 1 97.8
9.495 560. 153 0 560,152 0 Apimaysin 24.9 2.3 1.3 0.7 0.2
6.659 464.095 5 164.095 9 Bractein 44.5 75.9 287.1 337.3 331.8
" - H -
5.578 578.142 4 578.142 8 2 7()X¢;&,E‘M%HWJ% 328.6  529.3 438.6  428.4  418.5
Vitexin 2°-O-p-coumarate
v ey
11.299 724,179 2 r2,1802  TRRTZLGHE AR A 184.4 25,1 41.1 8.6  27.6
Apigenin 7- (2",6"-di- p-coumarylglucoside)
= e o
6.009 626.148 3 626,148 7 6 E%?ﬁ@i%j BB . 11.4 44,8 148.8 222.7 221.1
6-Hydroxyluteolin 7-sophoroside
6.300 610.153 4 610.153 9 %@?%-4,6-#5%*3‘. 15.1 53.4  103.8 120.4 141.0
Aureusidin 4, 6-diglucoside
6.490 580,179 2 580.179 6 5 HR A4 74.3 68. 4 79.3 58.0 65.6

Isoliquiritigenin 4,4'-diglucoside

o AL A P e R I A K R R R 2 1Y

— AR . B LULZE R 270X 7 215 4t



48 P AL AR MBI A2 4R (A SRR 2 B

%51 %

2 oA A 39, 09% F 12, 68% ., MLAE it
AR SRS LR RILERSTEN 7 AKX
1 HE BTG Z R TR R T RS B
7THE 0 A ERIA T B Z A T R
VAR 4G L 1l 28 W-3-2", 67X B T T OB .
Bractein, 6-32 3 A B B RH-T- M B4 M & A5 K4,
IR A T AR 1 ABRBR L, & & Ak
ELlNp Y <k
2.4 #MEMHAEERKEHIEEKS B UHPLC-
MS 4t
HI 3% 3 AT DAAEAR i v k43 g e 18 Fil

KW BT AEFE 5 P LI doe B i CAE SRR | RE SR I R
FUE BR R IE R TR L 3-O- [ 200 7 o7 Bk 2% %
P2) 6 P 5 8 S Joe Y =l (SRR R L 2 R R L Ll A
MR BRAR TR H RE R G H S N TR P B R e B =
i F1 56 YN 2% be 2 =l 2% 1 A (53 531 Sy P B A TR T 5
PSR « RUE AR 2 il 4% 1 Fh (3 51 Ry 5242 7 Al
Prespatane) , 73 /MA A 3 Fh IR M ik il O EEAL R . L
BERS AN AR I ER . AT RLE B B L L
TR 57 IOR B 2 B R g A AE i rh ) R 2R )
Jo, e B BER | LA TR S B R X 3 ) T B
REAE ) A2 PR R 2R L s R T

x3 #MEMHAREKEAREER SR UHPLC-MS 4 %7

Table 3

Analysis of terpenoids in loquat leaves at different growth stages by UHPLC-MS

JE i (m/2)

Gat/(mg e hg 1)

N Mass to ch ti “onte
BE R min e O R L& S
Classification  Retention time ElH i i Compound name
Theoretical Estimated S1 S2 S3 S4 S5
value value
5 35 e 16.472 456. 360 4 456.359 4 BEHLER Ursolic acid 26,4 28.9  25.3 249  27.5
Ursanes 15. 835 454,344 7 454,343 5 FEREAFR Ursonic acid 0.5 1.3 1.5 1.8 2.4
11.777 488.350 2 188.350 3 BT A Asiatic acid 73.4 1681.4 1841.0 1920.9 2 036.6
11.108 504,345 1 504,345 5 IR B Madecassic acid 0.0 931 100.1  92.1  63.3
13,001 6303870 6343857 O ORAMELMERRR 0.0 55 42 28 6.7
3-O-trans p-coumaroyltormentic acid
Fr B de Y 16. 466 456. 360 4 456. 360 4 FEUER Oleanolic acid 201.1  223.7  204.1 202.7 214.0
Oleananes 12.757 486.334 5 486.334 6 R Quillaic acid 12,2 347.5 378.0 381.8 434.8
13.518 172,355 3 172,355 3 IHE Maslinic acid 346.7 500.4 533.5 532.3  722.9
15. 428 440. 365 4 440.364 5 HREFER Roburic acid 0.7 2.1 1.4 1.4 1.8
13.314 470.339 6 470.338 6 HHERER 18-p-Glycyrrhetinic acid 0.0 1.7 2.0 2.4 3.1
10. 581 168.324 0 168.3229  JH B PKE Glabrolide 0.0 0.8 0.7 0.0 0.0
Bl ES S b
P 5 18.774 424.370°5 424,369 7 WHKE Lupenone 0.0 0.0 0.3 0.3 0.3
Lupanes
SN 2K 1]
e 11.879 486.334 5 486.333 4 FEW KM Emmolic acid 0.0 0.4 0.5 0.6 0.8
Emmanes
R 19. 698 606.282 9 606.283 0 %% Taxinine 3.5 3.3 3.3 4.3 2.7
Diterpenoids
(7 A
1'_'4:% 9. 438 204,187 8 204,187 4 Prespatane 4.0 4.0 3.1 2.8 2.9
Sesquiterpenes
A 10. 594 290.079 0 290,078 3 A% Plumericin 0.0 5.2 5.1 1.6 1.1
Iridoids 1.565 406.147 5 1061478 ZFEMEAF 8-O-acetylharpagide 0.0 83 1.1 10.2  15.6
0.870 406,147 5 106.147 8 I HE T HEE Shanzhiside methyl ester 0.0 3.7 0.0 4.7 14. 3

2.5 MEMHARAEKHAEYRHE . FEEEZLXRE

2 B 4 B UHPLC-MS 4 #f
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Table 4 Analysis of alkaloids,coumarins and other compounds in loquat leaves at different growth stages by UHPLC-MS

S He (m/ 2)

oat/(mgehg 1)

WEAE  REEE )/ min Mass to chargc‘rartio A w5 F Content
Classification  Retention time ﬁﬁ:\‘{a U”J]AI (] Compound name
Theoretical Estimated S1 S2 S3 S4 S5
value value
Yk 0.793 117.079 0 117.079 0 FH3E0 Betaine 1.8 2.7 2.8 2.3 3.1
Alkaloids 0.848 1270633 127063 3 FH BRI Guvacine 7.3 216 1L8 0.0 L5
HFEUEE 6.271 146. 036 8 146. 036 6 %5 £ Coumarin 0.4 0.9 1.0 0.8 0.8
Coumarins 5. 226 162,031 7 162,031 4 TREFTE T-hydroxycoumarine 121 28.2 387 384 319
4,776 340,079 4 340,079 5 # W% Esculin 0.0 0.0 1.9 2.4 3.0
Hibk 16. 376 255,256 2 255. 255 6 Bt Hexadecanamide 4.2 1.5 3.8 1.4 1.9
Other compounds 15 ggg 264.245 3 264,244 7 T RERE Linolenyl alcohol 29.5 145 26.9 0.0 17.0
0.776 344.1319 344.1317 FLBEEE Lactitol 87.9 162.9  234.0 206.6  367.3
17,043 330.277 0 330.276 2 Ceratodictyol 4.3 4.5 4.4 4.3 4.0
5 AAEKEHAMEHFERIFHEREE
Table 5 Types and contents of components in loquat leaves at different growth stages mg/hg
Wy R 2 A LIRS ok B2
it 44 Phenolic acids Organic acids Tannins Flavonoids
Stages i s s o s o (U o=
Kinds Content Kinds Content Kinds Content Kinds Content
S1 7 698. 1 4 7176.9 3 237.1 21 2 246.0
S2 8 1391.8 4 3753.3 3 308.0 28 2775.6
S3 8 2 213.9 5 2533.5 3 226.0 28 3 459.0
S4 8 2134.3 5 1831.4 3 219.5 28 3 361.5
S5 8 1.890.3 ) 2 211.9 3 217.5 28 3204.3
i 2 CRYIES TFULRE HoAh
o] Terpenoids Alkaloids Coumarins Other compounds
Stages JEES CE [UES G S G LS CE
Kinds Content Kinds Content Kinds Content Kinds Content
S1 8 668. 5 2 79.1 2 12.5 4 125.9
S2 17 2 911.3 2 24.3 2 29.1 4 183. 4
S3 17 3115.2 2 14.6 3 41.6 4 269.1
S4 17 3 190.6 1 2.3 3 41.6 3 212.3
S5 17 3 550. 8 2 4.6 3 35.7 4 390. 2
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